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(57) ABSTRACT 

A fuel cell or fuel cell stack has a proton exchange mem- 
brane or other electrolyte, and appropriate inlets and outlets 
for cathode and anode sides of the fuel cell. Dryers are 
connected to the cathode inlet and cathode outlet in such a 
manner as to enable one dryer to recover moisture from an 
exhausted oxidant stream while the other dryer is humidi- 
fying an incoming stream. Optionally, a dryer arrangement 
can be provided for recovering moisture on the anode or fuel 
side of the fuel cell. 

16 Claims, 2 Drawing Sheets 
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WATER RECOVERY, PRIMARILY IN THE 
CATHODE SIDE, OF A PROTON EXCHANGE 
MEMBRANE FUEL CELL 

FIELD OF THE INVENTION 

This invention relates to electrochemical fuel cells. More 
particularly, this invention relates to electrochemical fuel 
cells which employ hydrogen as a fuel and receive an 
oxidant to convert the hydrogen to electricity and heat, and 
which utilize a proton exchange membrane as the electro- 
lyte. 

BACKGROUND OF THE INVENTION 

Generally, a fuel cell is a device which converts the 
energy of a chemical reaction into electricity. It differs from 
a battery in that the fuel cell can generate power as long as 
the fuel and oxidant are supplied. 

A fuel cell produces an electromotive force by bringing 
the fuel and oxidant into contact with two suitable electrodes 
and an electrolyte. A fuel, such as hydrogen gas, for 
example, is introduced at a first electrode where it reacts 
electrochemically in the presence of the electrolyte and 
catalyst to produce electrons and cations in the first elec- 
trode. The electrons are circulated from the first electrode to 
a second electrode through an electrical circuit connected 
between the electrodes. Cations pass through the electrolyte 
to the second electrode. Simultaneously, an oxidant, typi- 
cally air, oxygen enriched air or oxygen, is introduced to the 
second electrode where the oxidant reacts electrochemically 
in presence of the electrolyte and catalyst, producing anions 
and consuming the electrons circulated through the electrical 
circuit; the cations are consumed at the second electrode. 
The anions formed at the second electrode or cathode react 
with the cations to form a reaction product. The first 
electrode or anode may alternatively be referred to as a fuel 
or oxidizing electrode, and the second electrode may alter- 
natively be referred to as an oxidant or reducing electrode. 
The half-cell reactions at the two electrodes are, 
respectively, as follows: 

H 2 -2H + =2e- 
^0 2 +2IT+2e-^H 2 0 

The external electrical circuit withdraws electrical current 
and thus receives electrical power from the cell. The overall 
fuel cell reaction produces electrical energy which is the sum 
of the separate half-cell reactions written above. Water and 
heat are typical by-products of the reaction. 

In practice, fuel cells are not operated as single units. 
Rather, fuel cells are connected in series, stacked one on top 
of the other, or placed side by side. A series of fuel cells, 
referred to as fuel cell stack, is normally enclosed in a 
housing. The fuel and oxidant are directed through mani- 
folds to the electrodes, while cooling is provided either by 
the reactants or by a cooling medium. Also within the stack 
are current collectors, cell-to-cell seals and, insulation, with 
required piping and instrumentation provided externally of 
the fuel cell stack. The stack, housing, and associated 
hardware make up the fuel cell module. 

Fuel cells may be classified by the type of electrolyte, 
either liquid or solid. The present invention is primarily 
concerned with fuel cells using a solid electrolyte, such as a 
proton exchange membrane (PEM). The PEM has to be kept 
moist with water because the available membranes will not 
operate efficiently when dry. Consequently, the membrane 
requires constant humidification during the operation of the 
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fuel cell, normally by adding water to the reactant gases, 
usually hydrogen and air. 

The proton exchange membrane used in a solid polymer 
fuel cell acts as the electrolyte as well as a barrier for 

5 preventing the mixing of the reactant gases. An example of 
a suitable membrane is a copolymeric perfluorocarbon mate- 
rial containing basic units of a fluorinated carbon chain and 
sulphonic acid groups. There may be variations in the 
molecular configurations of this membrane. Excellent per- 
formances are obtained using these membranes if the fuel 
cells are operated under fully hydrated, essentially water- 
saturated conditions. As such, the membrane must be con- 
tinuously humidified, but at the same time the membrane 
must not be over humidified or flooded as this degrades 
performances. Furthermore, the temperature of the fuel cell 

15 stack must be kept above freezing in order to prevent 
freezing of the stack. 

Cooling, humidification and pressurization requirements 
increase the cost and complexity of the fuel cell, reducing its 
commercial appeal as an alternative energy supply in many 

20 applications. Accordingly, advances in fuel cell research are 
enabling fuel cells to operate without reactant conditioning, 
and under air-breathing, atmospheric conditions while main- 
taining usable power output. 

The current state-of-the-art in fuel cells, although increas- 

25 ingly focusing on simplified air-breathing, atmospheric 
designs, has not adequately addressed operations in sub-zero 
temperatures, which requires further complexity of the 
design. For instance, heat exchangers and thermal insulation 
are required, as are additional control protocols for startup, 
shut-down, and reactant humidifiers. 

Where a solid polymer proton exchange membrane 
(PEM) is employed, this is generally disposed between two 
electrodes formed of porous, electrically conductive mate- 
rial. The electrodes are generally impregnated or coated with 
a hydrophobic polymer such as polytetrafluoroethylene. A 

35 catalyst is provided at each membrane/electrode interface, to 
catalyze the desired electrochemical reaction, with a finely 
divided catalyst typically being employed. The membrane 
electrode assembly is mounted between two electrically 
conductive plates, each which has at least one flow passage 

40 formed therein. The fluid flow conductive fuel plates are 
typically formed of graphite. The flow passages direct the 
fiiel and oxidant to the respective electrodes, namely the 
anode on the fuel side and the cathode on the oxidant side. 
The electrodes are electrically coupled in an electric circuit, 

45 to provide a path for conducting electrons between the 
electrodes. In a manner that is conventional, electrical 
switching equipment and the like can be provided in the 
electric circuit. The fuel commonly used for such fuel cells 
is hydrogen, or hydrogen rich reformate from other fuels 

50 ("reformate" refers to a fuel derived by reforming a hydro- 
carbon fuel into a gaseous fuel comprising hydrogen and 
other gases). The oxidant on the cathode side can be 
provided from a variety of sources. For some applications, 
it is desirable to provide pure oxygen, in order to make a 

55 more compact fuel cell, reduce the size of flow passages, etc. 
However, it is common to provide air as the oxidant, as this 
is readily available and does not require any separate or 
bottled gas supply. Moreover, where space limitations are 
not an issue, e.g. stationary applications and the like, it is 

60 convenient to provide air at atmospheric pressure. In such 
cases, it is common to simply provide channels through the 
stack of fuel cell for flow of air as the oxidant, thereby 
greatly simplifying the overall structure of the fuel cell 
assembly. Rather than having to provide a separate circuit 

65 for oxidant, the fuel cell stack can be arranged simply to 
provide a vent, and possibly, some fan or the like, to enhance 
air flow. 
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There are various applications for which humidification of 
fuel cells poses particular problems and challenges. For 
example, operation of fuel cells in mobile vehicles usually 
means that there is no readily available supply of water for 
humidifying incoming oxidant and fuel streams. It is usually 5 
undesirable to have to provide water to a vehicle for this 
purpose and also to have to carry the excess weight of the 
water around in the vehicle. In contrast, for stationary 
applications, providing a supply of water for humidification 
is usually quite possible. io 

However, there also some stationary applications for 
which humidification is not straightforward. For example, 
fuel cells are often used to provide power supplies to remote 
sensing equipment, in locations where water may not be 
readily available. Additionally, such remote use of fuel cells 15 
often occurs at locations with extreme climatic conditions. 
Thus, it has been known to use fuel cell stacks in the 
Antarctic regions and the like, for providing supply to 
scientific instruments. It is simply not realistic to provide a 
separate supply of water for humidification, because of the 20 
problems of preventing freezing of the water supply. 
Additionally, ambient air used as an oxidant is excessively 
dry, so that humidification is more critical than when using 
relatively moist air at more moderate temperatures. It will be 
appreciated that similar extreme conditions can be found in 25 
desert locations and the like. 

SUMMARY OF THE INVENTION 

Accordingly, the present invention is based on the real- 
ization that, as a fuel cell inherently produces excess mois- 
ture or water as a waste product, this water is available for 
recycling to humidify in coming flows to the fuel cell. 

More particularly, the present inventors have realized that 
it is advantageous to recover water from the waste or outlet 35 
flows from a fuel cell or fuel cell stack, so as to avoid having 
to provide a separate water source to humidify the oxidant 
and/or fuel streams. 

It has also been recognized that, in extreme climatic 
conditions, it is desirable, and even in some situations 40 
essential, that the humidity of discharged fuel and/or oxidant 
streams be below certain levels. For example, in extremely 
cold conditions, if the discharged streams contain significant 
moisture levels, then this moisture can immediately freeze. 
In practice, this will form a mist or fog or fine droplets or ice 45 
pellets, which would tend to build up on the outside of the 
apparatus. It will be appreciated that, for a stationary instal- 
lation intended to provide power supplies to scientific instru- 
ments over a long period of time, such a possibility is highly 
undesirable, and could lead to blockage of vents, undesirable 50 
loading due to build-up of ice and other problems. For these 
reasons, it is desirable that discharged streams contain 
reduced levels of moisture. 

In accordance with a first aspect of the present invention, 
there is provided a fuel cell comprising: an anode with a 55 
respective anode inlet and an anode outlet for a fuel gas; a 
cathode with a respective cathode inlet for an incoming 
oxidant gas stream and a cathode outlet for an outgoing 
oxidant gas stream; an electrolyte between the anode and the 
cathode; first and second dryers; and valve means connect- 60 
ing the first and second dryers to the cathode inlet and the 
cathode outlet, whereby, in use, the first dryer can be 
connected to one of the cathode inlet and the cathode outlet 
and the second dryer can be connected to the other of the 
cathode inlet and the cathode outlet, wherein the connec- 65 
lions of the dryers can be periodically switched between the 
cathode inlet and the cathode outlet, whereby one dryer 
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recovers moisture from the outgoing oxidant gas stream and 
the other dryer humidifies the incoming oxidant gas stream. 

Preferably, the fuel cell includes an inlet three-way valve 
having a common port connected to the cathode inlet and 
first and second branch ports, connected to the first and 
second dryers respectively, and an outlet three-way valve 
having a common port connected to the cathode outlet and 
having first and second branch ports connected to the first 
and second dryers respectively, each of the inlet and outlet 
three-way valves being switchable to connect one of the 
branch ports thereof to the common port thereof and to close 
off the other of the branch ports, and the inlet and outlet 
three-way valves are interconnected, whereby when the inlet 
three-way valve provides communication between the first 
branch port thereof, to the common port thereof, the outlet 
three-way valve provides communication between the sec- 
ond branch port thereof and the common port thereof and 
when the first three-way valve provides communication 
between the second branch port thereof and the common 
port thereof, the second three-way valve provides commu- 
nication between the first branch port thereof and the com- 
mon port thereof. 

Advantageously, a pump is provided between the inlet 
three-way valve and the cathode inlet, for displacing the 
incoming oxidant gas stream into the fuel cell. 

While the invention is applicable to a single fuel cell, it is 
anticipated that the invention will usually be applied to a 
plurality of fuel cells configured as a fiiel cell stack. In such 
a case, a cathode inlet and outlet are connected to respective 
inlet and outlet manifolds connected to each of the fuel cells. 

A water separator can be provided between the cathode 
outlet and the second three-way valve separating water 
droplets from the gas flow. This can provide a source of 
water which can be used for various purposes. For example, 
this water can be used for separate humidification of gas 
flows. 

A separate, co-pending application, Ser. No. 09/592,643, 
pending filed simultaneously herewith under the title "Water 
Recovery in the Anode Side of a Proton Exchange Mem- 
brane Fuel Celf" is directed to water recovery on the anode 
side of a fuel cell. Nonetheless, the present invention envis- 
ages that water or moisture recovery could be effected on 
both the cathode side and the anode side. In this case, the 
fuel cell is preferably adapted for use with hydrogen as a 
fuel. 

In such a case, the fuel cell would then include: a 
recirculation conduit including a pump connected between 
the anode inlet and the anode outlet; and a water separator 
provided in the recirculation conduit, between the anode 
outlet and the pump, for separating water from fuel gas 
exiting the anode; and a main fuel inlet comprising a first 
fuel inlet connected to the recirculation conduit, for supply 
of fuel. 

A branch conduit can be connected to the recirculation 
conduit with the dryer and the branch conduit and a vent 
outlet for the branch conduit. A shut-off valve can be 
provided in a branch conduit, for controlling flow and 
enabling purge cycles to be effected. Alternatively, the dryer 
can be provided in the recirculation conduit downstream 
from the water separator, so as to control the moisture level 
in the recirculation conduit. 

A second fuel inlet can be connected to the branch conduit 
between the dryer and the vent outlet and a second shut-off 
valve can be provided in the branch conduit between the 
second fuel inlet and the vent outlet. This enables fuel to be 
supplied through the second fuel inlet, for effecting reverse 



10/22/2002, EAST Version: 1.03.0007 



US 6,436,563 Bl 

5 6 

flow of fuel through the dryer to recharge the dryer and to connect first and second branch ports of the second three - 

recover moisture therefrom by humidifying the fuel stream. way valve 22 to each of the dryers 24, 26 in the same 

Another aspect of the present invention provides a method manner, 

of recovering moisture from an outgoing oxidant stream and Three-way valves 18, 22 are ganged together, so as to 

humidifying an incoming oxidant stream in a fuel cell, 5 operate together in a manner detailed below. Generally, this 

which comprises an anode to which fuel is supplied and a ensures that while inlet flow through the pump 20 passes 

cathode through which an oxidant stream passes and an through one of the dryers 24, 26, outlet flow from the outlet 

electrolyte between the anode and the cathode, the method 16 flows through the other of the dryers 24, 26. 

comprising the steps of: In more detail, in a first mode of operation, the first 

(i) passing an outgoing oxidant stream from the cathode 10 three-way valve 18 is switched to connect its first branch 
through a first dryer to recover moisture therefrom; port to the first dryer 24. Consequently, the pump draws 

(ii) passing an incoming oxidant stream through a second ambicnt air the extemal P ort 25 ^ e dr f r 24 ; 

dryer to humidify the incoming stream with moisture ^ dr ^r 24 will previously have been, in effect, charged 

previously trapped in the second dryer; and _ with moisture from the previous cycle, so that incoming air 

• j- » v- t . • • . . ■ picks up moisture and is humidified during passage through 

(in) periodically switching ine incoming and outgoing • - f ^ humidified 

air then passes through the first 

streams between the firs and second dryers whereby ^ of ^ y ^ w ^ ^ 2Q to ^ 

each of the dryers alternately effect each or steps (i) and . . . . , „. , ° r 

.... J J r w stack oxidant inlet 14. Simultaneously, the second three-way 

^ valve 22 is switched to connect its common port to the 

BRIEF DESCRIPTION OF THE DRAWING 2 ° second DranCD P ort thereof, and hence through to the second 

FIGURES dryer 26. Consequently, warm and humidified air discharged 

from the oxidant outlet 16 passes through the second dryer 

For a better understanding of the present invention and to 26. This dries and dehumidifies the air, and simultaneously 

show more clearly how it may be carried into effect, charges the second dryer 26 with moisture, 

reference will now be made, by way of example, to the 25 MiQT a prec ietermined time period, determined by the 

accompanying drawings which show preferred embodi- capacities of the dryers 24, 26, the three-way valves 18, 22 

ments of the present invention and in which: are switched. Thus, in the next cycle or second mode, 

FIG. 1 is a schematic view of a first embodiment of an incoming air passes through the second dryer 26 to pick up 

apparatus for recovering and recycling water on the cathode moisture. Simultaneously, the first dryer 24, which will have 

side of a fuel cell stack; given up retained moisture during the previous cycle, then 

FIG. 2 is a second embodiment of an apparatus for has moist outgoing air from the outlet 16 passed through it, 

recovering and recycling water on the cathode side of a fuel to recharge the first dryer 24 with moisture, 

cell stack; These cycles are alternated, in accordance with the 

FIG. 3 is a first embodiment of an apparatus for recov- 35 capacities of the dryers 24, 26, to cause two main effects, 

ering and recycling water on the anode side of a fuel cell Firstlv > ensures that the incoming air stream is humidi- 

stac k. fied at a reasonably constant level. Correspondingly, the 

FIG. 4 is a second embodiment of an apparatus for e * hausted air * dehumidifled - ™ s has particular 

, . j • j f a 1 advantage m cold climates. It ensures that moisture in air 

recovering and recycling water on the anode side of a fuel . B , , , t , _ „_ _ . , M1 

cell stack- and 40 discharged fr° m tQe external ports 25, 27 of the dryers will 

r - not tend to immediately form frost or ice, which, over a 

FIG. 5 is a third embodiment of an apparatus for recov- iod of ^ can tend tQ build up and pos&My Wock the 

ering and recycling water on the anode side of a fuel cell por(s in the apparatuSi 

stac k" Referring to FIG. 2, this shows a second embodiment of 

DETAILED DESCRIPTION OF THE 45 tne apparatus. In this second embodiment, many compo- 

PREFERRED EMBODIMENTS nents are similar to the first embodiment, and for simplicity 

and brevity, a description of these components is not 

Referring first to FIG. 1, a first embodiment of the repeated. Rather, these components are given the same 

apparatus as indicated generally by the reference 10. The reference numerals, and it will be understood that they 

apparatus 10 includes a fuel cell stack 12, although it will be 5Q function in the same manner as for the first embodiment, 

appreciated that the fuel cell stack 12 could comprise just a ^ ^ additional element in this second embodiment is 

single fuel cell. In known manner, the fuel cell stack has the pr0 vision of a water separator 32. This is provided in the 

inlets and outlets for both fuel and an oxidant. In FIG. 1, just outlet flow between the oxidant outlet 16 and the second 

an inlet 14 and an outlet 16 are shown for the oxidant. three-way valve 22. The effect of this is to prolong the 

Commonly, the oxidant is air, although for certain applica- 55 drying ^ for each of me dryers 2 4, 26. The separator 32 

tions it can be pure oxygen. separates out water droplets and the like, using any known 

A first or inlet 3-way valve 18 has a common port, technique. This recovered water can, separately, be used for 

connected by a pump 20 to the inlet 14. Correspondingly, the humidification of the incoming oxidant and/or fuel streams 

outlet 16 is connected to the common port of a second or for the fuel cell stack. 

outlet three-way valve 22. The pump 20 and the outlet 16 are 60 mentioned, another advantage is that the moisture load 

connected to respective common ports of the first and on the dryers is reduced, thereby enabling longer cycles to 

second three-way valves 18, 22. De used. 

First and second dryers 24 and 26 are provided, each Reference will now be made to FIGS. 3, 4 and 5, which 

including a respective external port 25, 27. show three separate embodiments of an apparatus for effect- 

The dryers 24, 26 are also connected by first and second 65 ing drying of the fuel stream in a fuel cell stack. In particular, 

inlet ducts 28, 29 to first and second branch ports of the first this technique is particularly intended for a fuel stream 

three-way valve 18. First and second outlet ducts 30, 31 comprising hydrogen, although it will be recognized by 
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those skilled in the art that this technique has applicability to 
a wide range of other fuels. An example of another fuel is a 
hydrogen rich reformate fuel, i.e. a fuel produced by reform- 
ing a hydrocarbon fuel, to produce a gas mixture rich in 
hydrogen. 

Referring to FIG. 3, a first embodiment of the apparatus 
for drying the anode flow is indicated generally by the 
reference 40. It again includes a fuel cell stack indicated 
generally at 42, and corresponding to the cathode of the 
stack, a fuel inlet 44 and a fuel outlet 46 are provided. A 
main hydrogen or fuel inlet 48 is provided immediately 
upstream from the stack fuel inlet 44. 

The outlet 46 is connected to a water separator 50 and 
then to a T-connector 52. One branch of the T-connector 52 
is connected through a pump 54 back to the fuel inlet 44. 

The other branch of the T-connector 52 is connected 
through a shut -off valve 56 and then through a dryer 58 to 
a vent port 60. 

In a normal mode of operation, the shut-off valve 56 is 
closed, and the pump 54 actuated to cycle hydrogen through 
the stack 42. 

As is known, a common problem with fuel cells is that 
nitrogen tends to diffuse across the membrane from the 
cathode side to the anode side and consequently, after a 
period of time, nitrogen tends to build up on the anode or 
hydrogen side of the stack. Additionally, there can be a 
problem with build-up and moisture on the membrane. 

For these two reasons, periodically, for example every 5 
minutes, the anode side can be purged. For this purpose, a 
shut-off valve 56 is opened for a short period, for example 
5 seconds, to vent gas through the dryer 58 to the vent port 
60. Typically, the anode side is operated at a slight positive 
pressure. Opening the valve 56 causes the pressure pulse to 
pass through the stack, which can have the effect of causing 
the water to "jump out of pores of the electrodes and gas 
diffusion media. In any event, whatever the exact 
mechanism, it has been found that an abrupt and sharp purge 
cycle tends to promote venting of excess moisture, in 
addition to built up and unwanted gases. 

At the end of the 5 second purge cycle, the valve 56 is 
closed again. 

The dryer 58 serves to ensure that gas vented through the 
vent port 60 has a low level of humidity. This can be 
desirable in certain circumstances. In particular, in cold 
climates, this ensures that there is no problem with moisture 
and the vented gas tending to form frost and ice particles and 
build up on or around the apparatus. 

The dryer 58 can be replaced at suitable intervals, e g, 
when replacing the fuel that supplies the hydrogen, where 
hydrogen is supplied from a cylinder. Alternatively, it may 
be possible to provide some variant configuration in which 
incoming fuel is passed through the dryer 58 to pick up 
moisture accumulated therein. 

In FIGS. 4 and 5, components common to FIG. 3 are 
given the same reference numerals. For the reasons given 
above, a description of these components is not repeated, for 
simplicity and brevity. 

Thus, in FIG. 4, a dryer 62 is provided between the 
separator 50 and the T-connector 52. The shut-off valve 56 
is then provided immediately above the T-connector 52 as 
before, but here is connected directly to a vent port 60. 

FIG. 4 functions, in use, in effect, to maintain a desired 
humidity level within the anode side of the fuel cell stack 42. 
Thus, excess moisture can be separated in the separator 50, 
but it is anticipated that the dryer 62 will run in an essentially 
saturated condition, so as to maintain humidity at a desired 
level. 



16,563 Bl 

8 

Again, as for FIG. 4, the shut -off valve 56 can be opened 
periodically, e.g. every 5 minutes for purge cycle of, for 
example, 5 seconds. This again prevents build up of nitrogen 
in the anode side of the stack. To the extent that water is 

5 removed from the fuel cell from the purge cycle, this water 
would be either separated by the separator 50, in the case of 
water droplets, or otherwise absorbed by the dryer 62. 

To the extent that dryer 62 is used to maintain a constant 
humidity level, it should not be necessary to exchange the 

10 dryer at any time. However, it may be desirable to replace 
the dryer from time to time, as contaminants may tend to 
build up in the dryer 62. 

Finally, with reference to FIG. 5, the third embodiment of 
the anode aspect of the invention includes all the elements 

15 of FIG. 4. It additionally includes a second hydrogen inlet 
72, a hydrogen control valve 74 and a second shut -off valve 
76. 

In normal use, this third embodiment functions in much 
2Q the same manner as the first embodiment of FIG. 3. Thus, 

hydrogen is usually supplied through the main fuel inlet 48. 

The pump 54 is run, to cycle hydrogen continuously through 

the separator 50. 
Theoretically, again for example every 5 minutes, a short 
25 purge cycle (again, for example 5 seconds) can be effected 

by opening the shut-off valve 56. Simultaneously, the second 

shut-off valve 76 is opened. This again permits gas to vent 

from the anode side of the stack through the dryer 58 to the 

vent port 60. 

30 Now, when moisture builds up in the dryer 58, periodi- 
cally the supplied hydrogen is switched from the main fuel 
inlet 48 to the second hydrogen inlet 72. For this purpose, a 
valve (not shown) will be closed to close off the main fuel 
inlet 48. Simultaneously, the hydrogen control valve 74 

35 would be opened. The second shut-off valve 76 would 
remain closed and the first shut-off valve 56 opened. This 
permits supply of hydrogen from the second hydrogen inlet 
72 through the dryer 58 towards the anode side of the stack 
42. 

40 The pump 54 would be run as before. Consequently, 
hydrogen will be cycled through the stack and the water 
separator 50. As hydrogen is consumed, fresh hydrogen will 
be supplied from the inlet 72, and this hydrogen would be 
humidified in the dryer 58 thereby serving to remove mois- 

45 ture from the dryer 58 and recharge the dryer. 

After a suitable period of time, the hydrogen control valve 
74 will be closed and hydrogen supply would be recom- 
menced through the main hydrogen or fuel inlet 48. The 
dryer 58 would then be in a dried or recharge condition, 

50 ready to recover moisture from gas during the purge cycle. 
The advantage of this embodiment, as compared to that of 
FIG. 4, is that it recovers moisture and uses it to add 
humidity to incoming hydrogen. At the same time, it does 

5S not require replacement of the dryer, to effect recharging of 
the dryer. 

While the invention has been described in relation to both 
humidification on the cathode side and the anode side, this 
invention is primarily concerned with humidification on the 

60 cathode side. It does, however, envisage that humidification 
can, simultaneously, be provided on the anode side. 

Where humidification is provided just on the cathode side, 
it is recognized that, in use, water is generated primarily on 
the cathode side, due to proton migration through the 

65 membrane. For this reason, water recovery from the cathode 
side can be optimal. Nonetheless, depending on the operat- 
ing conditions, significant moisture can be generated or 
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occur on the anode side. For example, if the oxidant side is 
maintained at a significantly higher pressure than the anode 
or fuel side, then water generated during reaction can be 
caused to flow back through the membrane, so that a 
significant quantity of water appears on the anode side and 5 
so that the exhausted anode fuel stream is significantly 
humidified. In such cases, recovering or controlling moisture 
in the exhausted fuel stream is desirable. 
What is claimed is: 

1. A fuel cell comprising: an anode with a respective 10 
anode inlet and an anode outlet for a fuel gas; a cathode with 
a respective cathode inlet for an incoming oxidant gas 
stream and a cathode outlet for an outgoing oxidant gas 



6. A fuel cell as claimed in claim 1, 2 or 3 wherein the 
electrolyte comprises a proton exchange membrane. 

7. Afiiel cell as claimed in claim 4, wherein the electrolyte 
comprises a proton exchange membrane. 

8. A fuel cell as claimed in claim 1, which is adapted for 
use with a fuel gas and which includes: a recirculation 
conduit including a pump connected between the anode inlet 
and the anode outlet; and a water separator provided in the 
recirculation conduit, between the anode outlet and the 
pump, for separating water from the fuel gas exiting the 
anode; and a main fuel inlet comprising a first fuel inlet 
connected to the recirculation conduit, for supply of the fuel 
gas. 

9. A fuel cell as claimed in claim 8, which includes a 
branch conduit connected to the recirculation conduit and a 



stream; an electrolyte between the anode and the cathode; 

first and second dryers; and valve means connecting the first 15 dryer in the branch conduit, the branch conduit including a 

and second dryers to the cathode inlet and the cathode outlet, vent outlet. 

whereby, in use, the first dryer can be connected to one of the 10. A fuel cell as claimed in claim 9, which includes a 

cathode inlet and the cathode outlet and the second dryer can shut-off valve in the branch conduit, upstream of the dryer 

be connected to the other of the cathode inlet and the cathode for controlling flow of fuel gas to the dryer, the shut-off 

outlet, wherein the connections of the dryers can be peri- 20 valve being operable to effect purge cycles, in use, to purge 



odically switched between the cathode inlet and the cathode 
outlet, whereby one dryer recovers moisture from the out- 
going oxidant gas stream and the other dryer humidifies the 
incoming oxidant gas stream. 

2. Afuel cell as claimed in claim 1 , which includes an inlet 25 
three-way valve having a common port connected to the 
cathode inlet and first and second branch ports, connected to 
the first and second dryers respectively, and an outlet three - 



accumulated and unwanted gases from the anode. 

11. A fuel cell as claimed in claim 8, which includes a 
dryer in the recirculation conduit, downstream from the 
water separator. 

12. A fuel cell as claimed in claim 11, which includes a 
branch conduit connected to the recirculation conduit, 
downstream from the dryer and including a shut-off valve. 

13. A fuel cell as claimed in claim 9 or 12, wherein the 
branch conduit is connected to the recirculation conduit 



way valve having a common port connected to the cathode 

outlet and having first and second branch ports connected to 30 upstream from the pump. 

the first and second dryers respectively, each of the inlet and 14 - A foel cel1 as claimed m claim 10 > whlc , h 1Q ^ des a 

outlet three-way valves being switchable to connect one of second ^ l inlet connected to the branch conduit between 

the branch ports thereof to the common port thereof and to ^ dl ?er and the vent outlet, and a second shut-off valve in 

close off the other of the branch ports, and wherein the inlet the braDch between * e s™™* f " e 1 i inlet a * d ^J^t 

and outlet three-way valves are interconnected, whereby 35 outlet, for effecting reverse flow of the fuel gas through the 



when the inlet three-way valve provides communication 
between the first branch port thereof to the common port 
thereof, the outlet three-way valve provides communication 
between the second branch port thereof and the common 
port thereof, and when the first three -way valve provides 40 
communication between the second branch port thereof and 
the common port thereof, the second three-way valve pro- 
vides communication between the first branch port thereof 
and the common port thereof. 

3. Afuel cell as claimed in claim 2, which includes a pump 45 
provided between the inlet three-way valve and the cathode 
inlet, for displacing the incoming oxidant gas stream into the 
fuel cell. 

4. A fuel cell as claimed in claim 3, which includes a 
plurality of fuel cells configured as a fuel cell stack, wherein 50 
the cathode inlet and outlet are connected to respective inlet 
and outlet manifolds connected to each of the fuel cells. 

5. A fuel cell as claimed in claim 1, 2, 3 or 4, which 
includes a water separator provided between the cathode 
outlet and the second three-way valve for separating water 55 
droplets from the outgoing oxidant gas stream. 



dryer to recharge the dryer and to recover moisture there- 
from. 

15. A fuel cell as claimed in claim 14, which includes a 
fuel control valve in the second fuel inlet, for control thereof. 

16. A method of recovering moisture from an outgoing 
oxidant stream and humidifying an incoming oxidant stream 
in a fuel cell, which comprises an anode to which fuel is 
supplied and a cathode through which an oxidant stream 
passes and an electrolyte between the anode and the cathode, 
the method comprising the steps of: 

(i) passing an outgoing oxidant stream from the cathode 
through a first dryer to recover moisture therefrom; 

(ii) passing an incoming oxidant stream through a second 
dryer to humidify the incoming stream with moisture 
previously trapped in the second dryer; and 

(iii) periodically switching the incoming and outgoing 
streams between the first and second dryers whereby 
each of the dryers alternately effect each of steps (i) and 

(ii). 
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